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Abstract
The Ionospheric Plasma Research
Experiment (IPRE) is the scientific payload
on board Arizona State University's studentdesigned, ASUSat 1, which is scheduled for
launch in late 1995 on a Orbital Sciences
Corporation Pegasus rocket. The IPRE
consists of a group of integrated instruments
and sensors designed for innovative space
and Earth science applications that integrate
solar power and ionospheric plasma for lowthrust propulsion, attitude control, and
electrical power generation. Propulsion
devices that use the natural OCCUlTing plasma
of a planet'S ionosphere eliminate the need
for on-board propellant supplies and provide
the capability of maintaining low-altitude
orbits indefinitely. In this manner, the
spacecraft's lifetime is dependent only upon
the longevity of its components and not upon
fuel availability. ASUSat 1 and the IPRE
represent a major advance in technology
development and will provide future space
effort~ a foundation for the nex t generation of
smaller, more efficient, advanced technology
spacecraft.
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Nomenclature
cathode emitting area
area of emitting smface
area of yoke
area of pole
Coulomb
probe wire diameter
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emitter distance from ion flow
elecu·oni<.: charge
thrust
gravitational acceleration
magnetic field magnitude of gap
current
acceleration current
ion beam current
emitter current
ion exhaust thrust
probe saturation current
specific impulse
emitter current density
Boltzmann constant
probe wire length
length of yoke
length of gap
propellant flow rate
ion mass
number of turns
ion density
emitter power
heater power
electron charge
electron temperature
temperature of emitting surface
ion velocity
acceleration voltage
emitter power
beam ion energy
average beam ion energy
plasma potential
ion beam velocity
emissivity
secondary electron yield
acceleration efficiency
beam energy efficiency
heating efficiency
propellant utilization efficiency
thrust efficiency
surface work function

1.0 Introduction

1.1 Future

Planetary ionospheres, such as those of
Earth, Mars, and Venus, are vast regions of
partially ionized gas that envelop a planet and
serve as a buffer zone between its atmosphere
and free space. Each ionosphere contains a
diffuse area, typically pervading the lower
altitude orbits, where this partially ionized
gas or plasma is found in abundance. The
charged particles of these denser plasma
regions potentially represent an unlimited
energy supply.
Within the Earth's
ionosphere, this region is represented by the
plasma-rich F-region layers located between
150 to 500 km altitude. High electrical
conductivity and elevated particle densities
within the F-region provide a plasma fuel
source that can be harnessed for both energy
conversion and electromagnetic propUlsion
systems.

Desi~n

As the end of the 20th century draws near,
propulsion requirements for small spacecraft
are increasing and include a broad range of
on-orbit functions, including orbit raising,
drag make-up, orientation control, deorbit,
and constellation maintenance l . This diverse
set of propulsion functions results in a wide
range of propulsion requirements that directly
affect the spacecraft's mass budget. Recent
emphasis on cost reduction and spacecraft
downsizing has brought about a reevaluation
of the technologies with critical impact on
spacecraft mass and for most spacecraft, the
predominant mass is the propulsion system.
NASA's renewed push for smaller satellites 2,
and commitment to the small, highly
autonomous spacecraft of the New
Millennium Program, has already broadened
research on a range of technologies and will
have a far-reaching impact on space systems
in the near future 3 . Future spacecraft designs
that significantly reduce cost, and mass per
unit function, will require micropropulsion
systems capable of a wide range of functions
yet downsized or miniaturized to meet the
needs of the next century. Ultimately,
spacecraft of the 21 st century will need to
employ an alternative propulsion technology.

Innovative research on ionospheric plasma
for advanced spacecraft technology
applications is being conducted at Arizona
State University by an interdisciplinary team
of faculty and students. The Ionospheric
Plasma Research Experiment (lPRE) is the
scientific payload on board the studentdesigned university satellite ASUSat 1 and
the product from the first phase of ASU's
ongoing plasma research. ASUSat I is a
dedicated scientific and engineering
microsatellite with a mass budget of only 4.5
kg. The IPRE consists of three principal
components:

2.0 The Ionosphere
The radiation from the Sun contains sufficient
energy at short wavelengths to cause
appreciable photoionization of the Earth's
upper atmosphere resulting in a partially
ionized region known as the ionosphere.
Within the ionosphere, the recombination of
the ions and electrons proceeds slowly (due
to low gas densities) so that fairly high
concentrations of free electrons persist even
throughout the night. In practice, the
ionosphere has a lower limit of 50 to 70 km
and no distinct upper limit, although 2000
km4 is somewhat arbitrarily set as the upper
limit for most application purposes.

•
Ionospheric Plasma Engine (IPE)-60,
an ion engine that uses in-situ ionospheric
plasma for low-thrust propulsion
experiments.
•
Ionospheric Plasma Thruster (IPT)25, two bi-directional ion thrusters that
interact with ionospheric plasma for attitude
control experiments.
•
Ionospheric Plasma Generator (lPG)65, a magnetohydrodynamic generator that
uses ionospheric plasma for supplementary
power generation experiments.

The vertical structure of the ionosphere varies
from day to night, with seasons of the year,
and with latitude. Furthennore, it is sensitive
to enhanced periods of short-wavelength
solar radiation accompanying solar activity.
The different ionospheric vertical layers, in
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order of increasing altitude and increasing
electron concentration are called D, E, Fl and
F2. Above the maximum electron density of
the F2-region, the electron density decreases
monotonically out to several Earth radii.
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Distinct ionospheric regions develop because
(a) the solar spectrum deposits its energy at
various heights depending on the absorption
characteristics of the atmosphere, (b) the
physics of recombination depends on the
atmospheric density (which changes with
height), and (c) the composition of the
atmosphere changes with height. Thus, the
four main ionospheric regions can be
associated with different physical processes,
rather than simple height differentiations.
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Figure 1. Total ionization profile for the ionospheric
layers D, E, FI, ,md F2 (Mitchell 1994)8

Plasma condlJ(:tivity is critical for adequate
performance of plasma fueled systems.
Superimposed on the graph in Figure 2 are
the three conductivity parameters, the
dominant specific conductivity (0), and the
lesser Pederson (P) and Hall (H)
conductivities. With the exception of the
notable drop off below 150 kilometers
altitude, the dominant specific conductivity
and the entire low-Earth ionosphere are
shown to have average values of 100 mho/m.
This value is somewhat lower than that of
most metals but is still highly conductive,
about 1000 times as conductive as water.
This results in a transfer function of velocity
to voltage that is very efficient and, combined
with consistent F region electron densities of
10 6 cm 3 , provides an energy medium that is
capable of sustaining both electromagnetic
propulsion and energy conversion systems.

The electron density is approximately equal to
the ion density everywhere in the ionosphere;
this p~operty is referred to as charge
neutralIty. The exception to this equality is in
the D-region, where electrons may combine
with molecules to form negative ions. Above
the D-region charge neutrality results because
ions and electrons are nearly always created
and eliminated in pairs. Usually, electric
forces prevent the free electrons from
~vandering too far away from their parent
IOns.
The F-region (>200 km altitude) is generally
thought to be the best understood region of
the ionosphere. The maximum electron
concentration occurs at the level where
downward diffusion and electron loss by
recombination are of comparable importance.
At this altitude, the electron concentration is
nearly in photochemical equilibrium, with a
balance between the photoionization of
atomic oxygen and electron recombination
with molecular ions. In stark contrast to the
other ionospheric regions where electron
densities are sharply curtailed at night until
reversal at sunrise, the F region peak
electron density is substantially maintained
throughout a 24 hour cycle with few
at'preciable nighttime decreases 6,7. Figure 1
gIves the altitude profile of ionospheric
electron density for different solar conditions.
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Figure 2. Typical conductivity values for the midlatitude ionosphere (Kelley 1989)4.
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3.0 Basic Design

Advanced environmental propulsion systems,
such as the IPE, would offer substantial
weight reductions over contemporary
systems due to the exclusion of both
propellant and its supporting system
infrastructure which in turn reduces both
launch and orbit raising costs.
An
ionospheric plasma engine provides a
significantly extended spacecraft lifetime that
is only constrained by the finite lifetime of its
components and not by propellant
availability. Nearly unlimited long-term
ionospheric exploration or observation would
now be possible for spacecraft employing
IPE technology, including the capability of
maintaining very low altitude orbits
indefinitely, which are currently unavailable
due to high atmospheric drag.

3.1 IPE-60 Ionospheric Plasma Engine
This electrically powered propulsion device
uses the ionospheric plasma of the host
planet's environment for its propellant
source. The ionized plasma environment is
directed into the engine's forward facing raminlet and capitalizes on the charged particle's
relative velocity. Acceleration is optimized
by utilizing the effects of the Hall parameter
in a cylindrical axial geometry.
Predominately radial magnetic fields created
by exterior electromagnetic coils are applied
to a coaxial channel and interact with an axial
electrical field. Azimuthal Hall currents,
produced by inter-field interactions, together
with the magnetic field, provide the
acceleration per unit volume. In this manner,
low-density-plasma ions are electrostatically
accelerated from engine inlet to outlet in the
presence of trapped electrons.

3.2 IPT-25 Ionospheric Plasma Thruster
This bi-directional ionospheric thruster
incorporates a magnetic manifold ~hat dire~ts
the plasma into the oppos1l1g aXIal
acceleration inlets. Similar in operation to the
IPE-60 engine, the IPT-25 thruster capitalizes
on the charged particle's relative velocity and
utilizes the effects of the Hall parameter in a
cylindrical axial geometry. The bi-directional
thruster is an integrated unit, composed of
two thrusters, linked by a mission specific
manifold, for attitude control experiments on
board ASUSat 1. Each acceleration unit is
capable of independent operation. This solarpowered thruster can be optimized t~rough a
pivoting configuration to properly dlfect the
applied fields, thereby controlling vector
forces to provide attitude control for the
spacecraft.

The ionospheric plasma engine (IPE)
represents a new class of propulsion system,
one that uses its natural environment for its
propellant needs. The IPE-60 has a 60 mm
diameter plasma ram-inlet and operates on
only 6 watts of power. Nominal voltages of
500 VDC are applied across the electrodes in
an ~ 800 Gauss field created by the
electromagnetic coils. A shielded neutralizer
is mounted on the plasma diagnostics sensor
disk located at the engine's outlet. Engine
conditions are recorded and stored on-board
ASUSat 1 for subsequent downloading to
ground operations at the university.

Ram Inlet

Plasma Flow

The ionospheric plasma thruster (IPT) has a
25 mm diameter plasma ram-inlet and
operates on only 3 watts of power. The fouroutlet manifold has a dual intake area of 6
cm 2 . Nominal voltages of 400 VDC are
applied across each set of electrodes in the
~ 800 Gauss fields created by the
electromagnetic coils. Shielded neutralizers
are mounted at the thruster's outlet. Thruster
performance is recorded in part by the
spacecraft's roll rate camera and dynamic
sensors. Performance data is then stored and
subsequently downloaded during the next
communications window.

~

Figure 3. IPE-60 ION Engine: Inlet and crosssectional views, centrally located on ASUSat l's
scientific platform.
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Faraday magnetohydrodynamic power
generation produces current flows in
response to the Lorentz voltages generated at
right angles to the ionospheric plasma flow.
In the Ionospheric Plasma MHO Generator
(IPG), electrodes are placed at right angles to
the plasma flow inside a coaxial channel, and
each pair is used to drive an individual
load 10. In this manner. charges can be
separated, and channeled into a series of
collector plates to drive a secondary battery
charging system. The IPG-65 has a 65 mm
diameter plasma ram-inlet that is fed by the
symmetry axis cylinder running the entire
length of the satellite. The generator is
capable of both passive operation with
permanent magnets or active operation by
employing magnetic coils.

Figure 4. IPT-25 Ion Thruster: cross-sectional and
nutlet views, located on ASUSat 1's scientific
platform.

Spacecraft utilizing ionospheric plasma
thrusters would benefit from significant
weight reduction due to the exclusion of onboard propellant and its supporting systems.
This represents a substantial savings over
contemporary systems for both launch and
station keeping costs.
Environmental
thrusters, such as the IPT, significantly
extend their spacecraft's Hfetime by using the
natural planetary plasma environment for its
propellant source and is only confined by the
finite lifetime of its components and not that
of propellant availability. IPT thrusters could
provide long-term missions with the
capability to acquire and maintain precise
attitude control without incurring propellant
budget concerns, particularly under adverse
conditions where frequent pointing
maneuvers are required.

Inlet

55

Inlet

3.3 IPG-fiS Ionospheric Plasma Generator

Figure 5. IPG-65 MHD Generator: cross-sectional
and outlet views, located on the aft of ASUSat 1.

Magnetohydrodynamic, or MHO, pertains to
the phenomena associated with the motion of
an electrically conducting fluid, such as an
ionized gas, in a magnetic field. In a MHO
generator, the gas itself is the conductor, and
the motion of a conductor through a magnetic
field gives rise to a flow of current in
accordance with Faraday's laws of
induction 9 . In an ionospheric planetary
plasma, electrons are stripped from their
parent molecules, leaving a mass of free
electrons and positive ions that can be
separated through Lorentz forces. The
conductivity of ionospheric plasma is
somewhat lower than that of most metals but
in planetary atmospheres, e.g. Earth, it is still
highly conductive, about 1000 times as
conductive as water. As a result, the transfer
function of velocity to voltage is very
efficient, and this technique offers an
innovative approach to the design of
supplementary spacecraft power systems.

Spacecraft designs incorporating ionospheric
plasma MHO generators would benefit from
reduced external area requirements for solar
power generation due to the inclusion of a
supplementary power source. Furthermore,
these generators would provide for
significant reduction in overall spacecraft
weight, and hence launch costs, due to the
smaller solar arrays that would be required.
Adequate nighttime electron density levels in
planetary ionospheric F regions allow for
spacecraft equipped with IPG generators to
minimize spacecraft power drain during
eclipses. This aspect could permit orbital
exploration of substantially solar-deprived
areas due to the decreased dependence upon
the solar cell arrays for power generation.

5

4.0 En!!ine & Thruster Performance

Performance levels are dependent upon the
propellant type available within a particular
ionosphere, orbital altitude, and to a lesser
degree, the solar cycle. Projecting LEO
operating parameters and efficiencies requires
rigorous calculations necessitating full
integration of a model atmosphere 6 , ion
propulsion and Hall acceleration equations 13 ,
and engine (or thruster) characteristics, into a
computer simulation and analysis programl4.
Models projecting complete orbital operation
will be completed prior to launch in the Fall
of 1995. Preliminary calculations for
averaged LEO conditions have produced a
range of operating parameters for the IPE-60.
At the altitude of 310 km (~ initial orbit
insertion) the IPE-60 has been projected to
operate with thrust levels between 10 and 20
mN (extreme values reviewed in Table 1).

Initial investigations into the thrust produced
by the interaction between the azimuthal
current and the applied magnetic field are
defined by the following equations from
Yamagiwa11 . The specific impulse Isp is

the thrust F is

Performance chara<:teristics and the fol1owing
internal efficiencies are based on equations
from Komurasaki 12, where propellant
utilization is

Solar Cycle
Propellant
Density
(n)/m 3
ill (kl!:)

(3)

acceleration efficiency is

(4)

Vib (m/s)

T(mNl

and beam energy efficiency is

Min
0+

Max
0+

1.798 x 1014

1.029 x 10 1j

7.801 x 10- 8
55000
4.3

4.465 x 10-7
55000
24.5

Table 1. Operating parameters and efficieneies
projected for the IPE-60 engine at 310 km altitude.
Densities based upon MSIS-86 model atmosphere.

(5)

V III calculated from the ion energy
distribution is given by

5.0 Ion Neutralization
The IPE-60 and the IPT-25's are essentially
electrostatic devices. During operation,
electrons are separated and retained from the
ionospheric plasma injected into the ram inlet
and the separated ions are accelerated to
produce a force. The electrons which were
removed from the accelerated flow must
subsequently be injected into the exhaust
thrust to neutralize the positive charges. The
problems encountered from a charged
exhaust are two fold, the first problem is that
of current neutralization (the ejection of equal
positive and negative currents from the
spacecraft), and the second is that of charge
neutralization (the prevention of space charge
field retardation of the engine's thrust).

(6)

When all ions are singly-charged and
accelerated only in the axial direction, the
thrust can then be written by

(7)
Thrust efficiency originally given by
(8)

can now be obtained by substituting Eqs. (37) into Eq. (8) which now yields
(9)
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5.1 Current Neutralization

5.3 Neutralizer Configurations

A positive ion flow ejected from an
electricall y isolated spacecraft will result in a
net negative charge on the vehicle. Even a
small net current flow (e.g. a small imbalance
between the ion and electron currents) can
result in a rapid field build up around the
spacecraft. If this charge is sufficiently
intense, it would retard or stop the flow of
ions. To put this in perspective, envision
ASUSat 1 to be represented by an isolated
sphere of 1m radius, and a capacitance of this
sphere set at 10- 10 farads. A net unbalanced
current flow of one microampere from this
isolated spacecraft will result in a change in
potential (dV/dt = lIC) of 104 volts/second. It
is necessary, therefore, to eject exactly equal
currents of negative and positive charges.
The speed of charge build-up also means that
the negative electron current flow must be
maintained by a self-regulating means of
electron injection to assure instantaneous
equality of currents.

There are two general classes of neutralizers
that have been developed for use with ion
engines; a thermionic electron emitter, and a
hollow cathode or plasma bridge neutralizer.
A hollow cathode design for the IPRE
instrumentation, although arguably the
preferred configuration, is not possible due to
the lack of development time. However, any
future flight considti'ations of ionospheric
plasma technology will incorporate this
neutralizer due to its superior lifetime and
lower energy consumption levels.
ASUSat l's thermionic electron emitter, or
ion neutralizer, must provide sufficient
electron emission current, be relatively free
from erosion by ion bombardment, and
consume as little power as possible.
Typically a thermionic electron emitter can
take the form of either a bare wire which may
be pure tungsten, thoriated tungsten, or a
tantalum ribbon (an oxide type emitter) 17.
The maximum current density available from
a thermionic emitter is given by the
Richardson-Dushman equation

5.2 Charge Neutralization
The second aspect to the neutralization
problem is related to the effects of the ion
space charge fields in the immediate vicinity
of the thruster 15 ,16. The fundamental
purpose of neutralizing the ion exhaust flow
is to eliminate, or reduce to a point of
ineffectiveness, any electric fields in the
vicinity of the exhaust which can diminish the
thrust obtainable.
Since the thrust is
proportional to the product of the plasma
current and the ejected velocity of the ion
exhaust flow, any fields which act to reduce
either of these parameters will adversely
affect the thrust. In order to prevent the
existence of electric fields external to the
engine or thrusters, the net charge density in
the exhaust flow must be equal to zero.
Charge neutralization is dependent upon
equal average volume densities for both
electrons and ions and not upon actual
recombination of particles, which is
extremely unlikely due to the low plasma
density encountered in the exhaust flow. A
neutralized ion thrust is thus analogous to a
neutral plasma of high directed energy.

(10)

where elk = 1600 K/volt, <Po = surface work
function in electron volts and A is a universal
constant equal to 120 amperes/cm 2 . The
work function represents the energy required
for an electron in the conduction band of the
emitter to overcome the surface barrier and
escape (be emitted). Thermionic emitter
surfaces exhibiting the lowest values of work
function will yield the highest emission, or
will yield a given emission at a lower
temperature which translates into lower
power consumption. In general the oxide
type cathode (tantalum), although it shows
excellent emission characteristics (low work
function), is quite susceptible to ion
bombardment erosion and therefore is not
generally considered for use as a long life
neutralizer 18.
The power required by a thermionic
neutralizer is equal to the sum of the power
needed to heat the thermionic emitter to the
7

desired operating temperature (Ph), plus the
power represented by the electron current
flowing from the emitter surface to the ion
exhaust flow, which has a voltage Ve (Pe =
Ie V e). The heating power is given by the
radiation law
(11)

where llH is the heating efficiency, which
depends on the effectiveness of heat
shielding, thermal conduction losses, etc.;
A c , E , and Ts are the area, emissivity and
temperature of the emitting surface cathode;
and 0' = 5.735 x 10-2 watts/cm2/ K. Eqs.
( 10) and (11) can be written in practical units
as:
J

= A = l20T 2 exp*
e

(12)

c

(-ll600<po /Ts) x (A/em2)
PhTf H

=

(13)

Ac

5.73ET: wat;s (T)n(lOOO)OK)

em

5.4 Space Charge Limited Emission Mode
In this configuration, as the shielded cathode
(immersed in the exhaust flow) is initially
heated to the emitting temperature, the
positive charges of the ionized thrust will
attract electrons away from the cathode and
into the ion flow. The electron emission
current depends upon the applied voltage and
not on the emitter temperature, and therefore
is self-regulating to that value of current
demanded by the ionized thrust in order to
maintain spacecraft neutrality. The ion flow
will assume a condition similar to a neutral
plasma, at a potential slightly positive with
respec~ to the ~athode (i.e. with just enough
potentIal drop In the cathode electron sheath
to draw off the required electron current
density. The ion flow will assume this
potential because a more positive potential
would result in excessive electron emission
thereby creating an excess of electrons to
reduce the emission; a more negative potential

in the plasma would reduce the electron
emission leaving an excess of positive
charges which will increase the electron
emission to return the potential to its
equilibrium value. Thus, the plasma will
assume an equilibrium potential Ve positive
from the cathode, where Ve is related to the
electron CUlTent (which must in turn equal the
ion current) and the area and spacing of the
electron sheath (considered as a space charge
limited diode) by the Child-Langmuir
equation:
Id 2

2 3
/

J

(14)

(

where Ii = ion exhaust thrust, d= emitter
distance from ion flow, and Aa = cathode
emitting area.
The IPE-60 engine, and the IPT-25 thrusters,
use a circular tungsten wire element (0.1 mm
diameter), configured ~ 1 cm downstream
from the acceleration region, for thermionic
emission. A hemi-toroidal stainless steel
shield placed 5 to 6 mm upstream from the
neutralizer will help to protect the wire from
ion bombardment and thus substantially
lengthen the emitter's operational lifetime.
6.0 Plasma Diagnostics
To assist in evaluating engine performance,
the IPE-60 engine incorporates a sensor disk
(Figure 4) ~ 2.5 cm downstream from the ion
acceleration region. The sensor disk includes
4 symmetrically placed double-wire
Langmuir probes distributed perpendicular to
the plasma flow. Each probe 19 consists of
two parallel Nichrome wires held in close
proximity that are mounted radially on the
sensor disk surface spanning the plasma
exhaust outlet. A bias potential is applied
between them and the entire system is
allowed to float, so there is no net current.
Upon activation, the current which flows
between the probes is measured as a function
of the bias voltage. In this manner, it is
possible to determine both the electron
temperature and plasma density.

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

dia. wire, or both .5 & .6 mm dia. aluminum
wire, and are wet wound in a thermally
conductive epoxy. Wire resistivity and mass
properties were heavily considered during the
design stage to optimize magnetic field
strength using the lightest mass possible.
The IPE-60 uses 4 external coils and 1
internal coil to produce an 800 Gauss (.08 T)
field between the inner and outer pole faces.
IPT-25 thrusters use 1 inner and 1 outer coil
for each directional accelerator and a separate
coil for the manifold, a total of 5 coils are
required for each IPT-25 bi-directional
thruster. The IPG-65 generator employs the
simplest magnetic system with only 1 inner
and 1 outer coil necessary for operation. As
noted in the Power Control Unit section of
this paper, each magnetic system consists of
a number of coils wired in series to produce a
total magnetic circuit for the particular device
for which it serves. Individual coil fields
were studied through values generated from
computer modeling. Magnetic flux for the
entire system circuit is dependent upon both
the areas of the yoke and the pole separation
distance and can be determined by

Figure 6. Sensor disk with four double wire
Langmuir probes configured in plasma flow.

Theoretical considerations in the use of a
similar device in the plume of an ion thruster
have been presented by deBoer 2o , and
extended by Pollard 21 . Assuming that the
electron distribution is Maxwellian with a
temperature T e, the probe current I as a
function V is given by
(15)

Probe current is zero in the absence of an
applied Voltage, but it approaches a saturation
value Isat with increasing voltage, that being

111-) IsatforleVI > 2kT e

NI

(I + A2Ly / All-1r)

'

I sat =ni ujeDL w (1 + 11)

(17)

The difference between the areas of the yoke
and the pole separation distance reduces the
field within the yoke by a factor AziAi for a
fixed magnetomotive force, NI, and helps to
prevent saturation of the yoke material when
operating at high fields.

(16)

Ideally, the two wires collect equal numbers
of ions from the plasma flow regardless of
the voltage applied between them. At the
asymptotic limit specified in Eq. (16), the
negatively biased wire collects no electrons,
and the positively biased wire collects a flux
of electrons equal to the sum of the ion
CUlTents collected by both probe wires.

8.0 Power Control Unit
Located on ASUSat 1's science platform, the
Power Control Unit (PCU) converts the 5 &
12 VDC power lines supplied from the main
spacecraft bus into the voltages required for
optimum engine and thruster operation. The
PCU includes eight independent power
supplies which, are operated by the on-board
software and, control the 1) IPE-60 electrode
supply, 2) IPT-25 electrode supply, 3) IPE60 magnet coils, 4) IPT-25 magnet coils, 5)
ion neutralizer heater, 6) Langmuir Probe
(low-range) 7) Langmuir Probe (middlerange) 8) Langmuir Probe (upper-range).
Under typical conditions the IPE-60 uses 500

7.0 Electromagnetic Systems
The electromagnetic systems and individual
device requirements are unique to each
system within the IPRE cluster. Cylindrical
yokes, designed to combine high
permeability with minimum mass, are used in
conjunction with 3 separate coilwire types to
produce the necessary fields. Coils are
composed of either 61 filament NbTi .4 mm

9

volts for the anode discharge, while the IPT25's use only 400 V for operation. The
magnetic coils have been designed to be
operated in series, so that individual magnetic
systems (engine or thrusters) only require a
single voltage per system. The PCU is
ultimately governed by ASUSat l's power
system and is limited to 6.2 watts of power
during any mode of operation.

IPT·25 Thruster

IPG-65 Generator

IPE-60 Engine - -

IPT-25 Thruster

Figure 8. ASUSat I: Cross-sectional side view with
the forwm'd facing scientific platfonn on the left.

9.0 ASUSat 1

10.0 Conclusions

ASUSat I is a 14 sided, composite structure,
scientific and engineering microsatellite,
designed, developed, and fabricated during a
22 month period from October 1993 to
delivery in August 1995. Systems on board
ASUSat 1 also include 1 M of total memory,
GPS receiver, aerodynamic-gravity gradient
boom, AMSAT transponder, a dynamic Earth
& S un sensor network, and a Earth reference
imager for attitude information experiments.
The satellite will be released into a 97° sunsynchronous 6am-6pm orbit at 325 km
altitude in late 1995.

ASUSat 1, the IPRE, and ASU's continuing
plasma investigations are laying the
foundation for new innovative technologies
and spacecraft applications. The IPRE
represents the first step towards a new class
of spacecraft, one that uses the low-Earth
space environment for its propulsion and
energy needs. Future spacecraft design
considerations employing ionospheric plasma
technology would benefit from:
• Significant weight reductions due to the
exclusion of both propellant and its
supporting system infrastructure which in
turn reduces both launch and orbit raising
costs.

IPT-25 hrus'ler~-·----,.$-"-II+lm!I!fi~!lIiI"-'~- Deflector Plates

• Reduced internal spacecraft volume and
external area requirements for solar power
generation due to the omission of fuel
systems and the inclusion of MHD
supplementary power generation.

H-&-H=ftl--- IPE-60 Ion Engine

Figure 7. ASUSat I: Forward facing scientific
platform with instrumentation layout.

• A significantly extended spacecraft lifetime
that is only constrained by the finite lifetime
of its components and not by propellant or
energy availability.

ASUSat l's unique configuration allows for
instrumentation mounting in the velocity
vector to optimize plasma experimentation. A
cylindrical tube, positioned along the
spacecraft's axis of symmetry, provides
plasma access to otherwise remote satellite
bus locations in addition to its primary task of
maintaining a finite volume plasma flow
through the spacecraft. The ram platform
also carries a neutralization grid to reduce the
natural sheath effects encountered in
ionospheric plasmas.

ASUSat 1's innovative ionospheric plasma
propulsion experiment will assist in the
development of future propUlsion systems
that will be capable of maintaining low-Earth
orbits indefinitely, including very low
altitudes which are currently unavailable for
long term missions due to high atmospheric
drag. ASUSat 1 and the IPRE represents a
major advance in technology development
and will provide ASU's future space efforts a
foundation for the next generation of smaller,
more efficient, advanced environmental
spacecraft.
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